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SPENT VEHICLE TIRE LOST
CIRCULATION MATERIAL (LCM)

BACKGROUND

Field of the Disclosure

The present disclosure generally relates to controlling lost
circulation 1n a wellbore during drilling with a drilling fluid.
More specifically, embodiments of the disclosure relate to a
lost circulation material (LCM) having flakes formed from
spent vehicle tires.

Description of the Related Art

Lost circulation 1s one of the frequent challenges encoun-
tered during drilling operations. Lost circulation can be
encountered during any stage of operations and occurs when
drilling fluid (such as drilling mud) pumped 1into a well only
partially returns or does not return to the surface. While
some fluid loss 1s expected, excessive fluid loss 1s not
desirable from a safety, an economical, or an environmental
point of view. Lost circulation 1s associated with problems
with well control, borehole 1nstability, pipe sticking, unsuc-
cessiul production tests, poor hydrocarbon production after
well completion, and formation damage due to plugging of
pores and pore throats by mud particles. Lost circulation
problems may result i several days or weeks of non-
productive time (NPT). In extreme cases, lost circulation
problems may force abandonment of a well.

SUMMARY

LCMs used to combat lost circulation typically include
particulate and fibrous LCMs. Most of these particulate and
fibrous are non-resilient LCMs (that 1s, they are formed from
materials that are not resilient). Additionally, LCMs may
also include flake LCMs; however, such flake LCMs (for
example, cellophane flakes) are non-resilient or have a very
low resiliency.

Embodiments of the disclosure are directed to an LCM
having flakes formed from spent vehicle tires. The flakes of
the LCM may form a mat that i1s resilient under in-situ
stresses and pressure conditions. The tlakes of the LCM may
turther form adaptable seals and plugs 1n the highly perme-
able, fractured, and vugular formations to maintain seal and
plug stability under the dynamic loading behavior of a
wellbore environment. The resilient flakes of the LCM may
improve the likelihood of a successtul LCM treatment
operation due to the adaptable seals and plugs formed by the
LCM at the dynamic conditions.

In one embodiment, a method to prevent lost circulation
of a drilling fluid 1n a wellbore 1s provided. The method
includes introducing an altered drilling fluid into the well-
bore such that the altered drilling fluid contacts the lost
circulation zone and reduces a rate of lost circulation 1nto the
lost circulation zone, such that the altered drilling flud
includes a dnilling fluid and a lost circulation material
(LCM). The LCM includes a plurality of flakes produced

from a vehicle tire.

In some embodiments, the altered drilling fluid consists of

the drilling fluid and the LCM. In some embodiments, the
LCM consists of the plurality of flakes produced from a
vehicle tire. In some embodiments, the plurality of flakes
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of tlakes has a long axis of 7 millimeter (mm) to 10 mm and
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a short axis of S mm to 7 mm. In some embodiments, each
of the plurality of flakes has a thickness of 3 mm to 4 mm.
In some embodiments, the plurality of flakes have a coel-
ficient of resiliency of 0.49 to 0.53. In some embodiments,
the LCM has a concentration of 10 pounds-per-barrel (ppb)
to 50 ppb 1n the altered drilling fluid. In some embodiments,
the tlakes are produced by shredding the vehicle tire into a
plurality of pieces, the shredding including removing steel
from the vehicle tire, cutting each of the plurality of pieces
into a plurality of strips, and cutting each of the plurality of
strips 1nto a plurality of flakes.

In another embodiment, an altered drilling fluid 1s pro-
vided. The altered drnilling fluid includes a drilling fluid and
a lost circulation material (LCM). The LCM includes a
plurality of flakes produced a vehicle tire.

In some embodiments, the LCM consists of the plurality
of flakes produced from vehicle tires. In some embodiments,
the plurality of flakes produced from a vehicle tire comprises
a plurality of untreated flakes. In some embodiments, each
of the plurality of tlakes has a long axis of 7 millimeter (imm)
to 10 mm and a short axis of 5 mm to 7 mm. In some
embodiments, each of the plurality of flakes has a thickness
of 3 mm to 4 mm. In some embodiments, the plurality of
flakes have a coeflicient of resiliency of 0.49 to 0.53. In
some embodiments, the LCM has a concentration of 10
pounds-per-barrel (ppb) to 350 ppb 1n the altered drilling
fluid. In some embodiments, the flakes are produced by
shredding the vehicle tire mto a plurality of pieces, the
shredding including removing steel from the vehicle tire,
cutting each of the plurality of pieces mto a plurality of
strips, and cutting each of the plurality of strips 1nto a
plurality of flakes.

In another embodiment, a lost circulation material (LCM)
1s provided. The LCM includes a plurality of flakes pro-
duced from vehicle tires. In some embodiments, the LCM
consists of the plurality of flakes produced from vehicle
tires. In some embodiments, the plurality of flakes produced
from a vehicle tire comprises a plurality of untreated tlakes.
In some embodiments, each of the plurality of flakes has a
long axis of 7 millimeter (mm) to 10 mm and a short axis of
S mm to 7 mm. In some embodiments, each of the plurality
of flakes has a thickness of 3 mm to 4 mm. In some
embodiments, the plurality of flakes have a coeflicient of
resiliency of 0.49 to 0.53. In some embodiments, the flakes
are produced by shredding the vehicle tire into a plurality of
pieces, the shredding including removing steel from the
vehicle tire, cutting each of the plurality of pieces mnto a
plurality of strips, and cutting each of the plurality of strips
into a plurality of flakes.

In another embodiment, a method of manufacturing a lost
circulation material (LCM) 1s provided. The method
includes obtaining a vehicle tire and shredding the vehicle
tire mto a plurality of pieces, the shredding including
removing steel from the vehicle tire, each of the plurality of
pieces having a size of 50 mm to 75 mm. The method also
includes cutting each of the plurality of pieces into a
plurality of strips, each of the plurality of strips having a
thickness off 3 mm to 4 mm and a width of 5 mm to 7 mm,
and cutting each of the plurality of strips 1into a plurality of
flakes, each of the plurality of flakes having a long axis of
7 millimeter (mm) to 10 mm and a short axis of 5 mm to 7
mm. In some embodiments, the method includes cleaning
the vehicle tire using an air jet before shredding the vehicle

tire.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s flowchart of a process for the production and use
of a LCM having flakes formed from waste vehicle tires 1n
accordance with an embodiment of the disclosure.
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FIG. 2 1s a two-dimensional depiction of an example flake
formed from waste vehicle tires 1 accordance with an
embodiment of the disclosure; and

FIGS. 3 and 4 are graphs of the results of resilience tests
ol example flakes formed from waste vehicle tires 1n accor-
dance with an embodiment of the disclosure.

DETAILED DESCRIPTION

The present disclosure will be described more fully with
reference to the accompanying drawings, which illustrate
embodiments of the disclosure. This disclosure may, how-
ever, be embodied 1n many different forms and should not be
construed as limited to the 1llustrated embodiments. Rather,
these embodiments are provided so that this disclosure will
be thorough and complete, and will tully convey the scope
of the disclosure to those skilled in the art.

As a wellbore 1s drilled, a drilling fluid 1s continuously
pumped into the wellbore to clear and clean the wellbore and
the filings. The drilling flud 1s pumped from a mud pit 1nto
the wellbore and returns again to the surface. A lost circu-
lation zone 1s encountered when the tflow rate of the drilling
fluad that returns to the surface 1s less than the tlow rate of
the drilling fluid pumped nto the wellbore. It 1s this reduc-
tion or absence of returning drilling fluid that 1s referred to
as lost circulation.

Embodiments of the disclosure include a LCM having
flakes formed from spent vehicle tires to mitigate or prevent
lost circulation 1n a well and minimize or prevent the loss of
whole mud. As used herein, the term “spent vehicle tire”
refers to a vehicle tire that has reached the end of its
operational life and 1s no longer 1n use. Such tires may also
be referred to as “waste vehicle tires™ or “used vehicle tires.”
As described 1n the disclosure, the tflakes may be produced
from waste vehicle tires processed to remove steel compo-
nents of the tires and produce flakes having a specific size.
The waste vehicle tires may include car tires, truck tires, or
tires from other types of vehicles. In some embodiments, the
LCM may only include flakes formed waste vehicle tires
without any other components.

Advantageously, the LCM having flakes formed from
spent vehicle tires may have relatively large deformation
and resiliency characteristics as compared to existing tlake
L.CMs that are non-resilient or have relatively small defor-
mation characteristics 1n downhole conditions. Thus, the
LCM having flakes formed from spent vehicle tires may
casily deform and {it into the loss zone in-situ under down-
hole pressures but can return to a larger size and shape when
the 1n-situ pressure changes.

The flakes are produced from waste vehicle tires accord-
ing to the process described 1n the disclosure to enable the
production of flakes having the desired long axis and short
axis dimensions and a specific coellicient of resiliency. In
some embodiments, the flakes may have a long axis (that 1s,
length) of 7 mm to 10 mm, a short axis (that 1s, width) of 5
to 7 mm, and a thickness of 3 mm to 4 mm. In some
embodiments, the flakes of the LCM have a coethicient of
resilience 1n the range of 0.49 to 0.53.

In some embodiments, the LCM having the flakes from
waste vehicle tires may be added to drilling fluid to form an
altered dnilling fluid having the LCM. In some embodi-
ments, the LCM may have a concentration of 10 pounds-
per-barrel (ppb) to 350 ppb 1n the altered drilling fluid. The
concentration of the LCM may be increased to address more
severe lost circulation. The drilling fluild may include a
water-based or oil-based drilling tfluid (also referred to as a
“drilling mud”). For example, suitable drilling fluids may be
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water-based, sea water-based, salt water-based, diesel o1l-
based, mineral oil-based and synthetic oil-based drilling
muds. For example, 1n some embodiments, the drilling fluid
may be a bentonite mud that includes freshwater, bentonite,
caustic soda (NaOH), and soda ash (Na,CO,). In some
embodiments, the drilling fluid may be a KCl-polymer mud
that includes potassium chloride (KCl), polyanionic cellu-
lose, caustic soda, soda ash, xanthan gum, bentonite and
welghting agents (for example, calcium carbonate, barite, or
combinations thereof). In some embodiments, the drilling
fluid may be a NaCl-polymer mud that includes sodium
chloride (NaCl), polyanionic cellulose, caustic soda, soda
ash, xanthan gum, bentonite and weighting agents (for
example, calcium carbonate, barite, or combinations
thereol)

In some embodiments, the tlakes may be untreated flakes.
As used 1n the disclosure, the term “untreated” or “without
treating” refers to not treated with alkali or acid, not
bleached, not chemically altered, not oxidized, and without
any extraction or reaction process other than possibly drying
of water and mechanical processing. The term “untreated” or
“without treatments” does not encompass grinding or heat-
ing to remove moisture but does encompass chemical or
other processes that may change the characteristics or prop-
erties of the flakes. In such embodiments, the tlakes may be
manufactured without treating before, during, or after clean-
ing, shredding, cutting, or any other processing.

FIG. 1 depicts a process 100 for the manufacture and use
of an LCM having flakes formed from waste vehicle tires 1n
accordance with an example embodiment of the disclosure.
As also shown 1n FIG. 1, waste vehicle tires may be obtained
(block 102). The waste vehicle tires may be cleaned (block
104), such as by a high pressure air jet, to remove dirt, dust,
and other foreign substances.

Next, the cleaned waste vehicle tires may be shredded into
pieces having sizes ol about 50 mm to about 75 mm to strip
steel and other any other metals from the tire matrix (block
106). In some embodiments, the steel and other metals may
be additionally removed via a magnetic separator. Next, the
pieces of the waste vehicle tires may be sliced into strips
(block 108) having a thickness of about 3 mm to about 4 mm
and a width of about 5 mm to about 7 mm.

The strips may then be further processed to produce flakes
(block 110) having a long axis (for example, length) of about
7 mm to about 10 mm, a short axis (for example, width) of
about 5 mm to about 7 mm, and a thickness of about 3 mm
to about 4 mm. For example, the strips may be cut or
otherwise processed into flakes having a specific long axis
length, short axis length, and thickness. FIG. 2 1s a two-
dimensional depiction of an example flake 200 according to
an embodiment of the disclosure. As shown 1n FIG. 2, the
flake 200 may have a long axis 202 and a short axis 204. As
discussed 1n the disclosure, in some embodiments, the long
axis 1s about 7 mm to about 10 mm and the short axis 1s
about 3 mm to about 4 mm. It should be appreciate that the
shape depicted 1n FIG. 2 1s an example and that embodi-
ments of the flakes described in the disclosure may have a
different shapes, number of edges, etc., than that depicted 1n
FIG. 2.

In some embodiments, the flakes may then be sorted and
packed into containers (block 112) for transportation and
use. In some embodiments, a suitable amount of the mix
may then be transported to an o1l and gas operations site for

use as an LCM.

The LCM flakes may be added directly to a drilling fluid
(block 114), such as a drilling mud, to create an altered
drilling fluid having the waste vehicle tire flakes. For
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example, 1n some embodiments, the waste vehicle tire flake
LCM may be added to (for example, blended with) a

water-based drilling mud. In some embodiments, the drilling
fluid may be a bentonite mud having freshwater, bentonite,
caustic soda (NaOH), and soda ash (Na,CO;). In some
embodiments, the waste vehicle tire flake LCM may be
added at the mud pit of a mud system. After addition of the
waste vehicle tire flake LCM to a drilling flmd, the altered
drilling fllid may be circulated at a pump rate effective to
position the drilling fluid 1nto contact with a lost circulation
zone 1n a wellbore, such that the waste vehicle tire flake
LCM alters the lost circulation zone (for example, by
entering and blocking porous and permeable paths, cracks,
and fractures 1n a formation 1n the lost circulation zone). The
waste vehicle tire flake LCM may form structures (for
example, a plug or seal) 1in the paths, cracks, and fractures
or openings thereof 1n a lost circulation zone to reduce the
rate of lost circulation, thus reducing the loss of drilling mud
(that 1s, whole mud) 1n the lost circulation zone. The waste
vehicle tire flake LCM may provide improved seal and plug
stability and form seals and plugs that are adaptable under
changing subsurface conditions.

In some embodiments, the waste vehicle tire flake LCM
may be mixed with a carrier flmd, a viscosifier, or both. In
some embodiments, a waste vehicle tire flake LCM homog-
enous suspension or pill may be formed. For example, a
specific carrier flmid, viscosifier, or combination thereof may
be selected to form a homogenous suspension or pill having
the waste vehicle tire flake LCM. The homogenous suspen-
sion or pill may be added to a drilling flmd and used 1n the
manner similar to the waste vehicle tire flake LCM
described 1n the disclosure.

EXAMPLES

The following examples are included to demonstrate
embodiments of the disclosure. It should be appreciated by
those of skill 1n the art that the techniques and compositions
disclosed 1n the example which follows represents tech-
niques and compositions discovered to function well 1n the
practice of the disclosure, and thus can be considered to
constitute modes for 1ts practice. However, those of skill 1n
the art should, 1n light of the present disclosure, appreciate
that many changes can be made 1n the specific embodiments
which are disclosed and still obtain a like or a similar result
without departing from the spirit and scope of the disclosure.

The following non-limiting example of a LCM having
flakes from waste vehicle tires were prepared and tested to
determine the resiliency of the flakes.

The flakes from waste vehicle tires for the LCM were
prepared according to the following process:

1. The waste vehicle tires were cleaned using a relatively
high pressure air jet;

2. The cleaned waste vehicle tires were shredded into
pieces of 50 mm to 75 mm 1n size, and the steel was stripped
from the tire matrix;

3. The vehicle tire pieces were then sliced into strips
having a thickness of 3 mm to 4 mm and a width of 5 mm
to 7 mm.

4. Flakes having a long axis (that 1s, length) of 7 mm to
10 mm and a short axis (that 1s, width) of 5 to 7 mm.

Aresiliency test was also conducted on the example flakes
prepared according to the described process. 30 grams of the
flakes were used to determine a coefficient of resiliency. The
sample were subjected to strain percentages of 20% and
30% to determine compression and decompression curves.
The absorbed and desorbed strain energy were calculated
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based on the areas below the compression and decompres-
sion curves. FIG. 3 depicts graph 300 of the results of a
resilience test of the example flakes at 20% strain. As shown
in FIG. 3, the y-axis 302 depicts force (in kgf) and the x-axis
304 depicts distance (1n mm). The graph 300 1illustrates a
compression curve 306 measured during a compression
cycle of the resilience test and a decompression curve 308
measured during a decompression cycle of the test. As will
be appreciated, the areas below the compression curve 306
and the decompression curve 308 may be used to determine
a coefficient of resilience (COR) according to Equation 1:

COR — Ad (1)
- Ac
Where COR 1s the coefficient of resilience, Ad 1s the area

under the decompression curve, and Ac 1s the area under the
COmpression curve.

FIG. 4 depicts graph 400 of the results of a resilience test
of the example flakes at 30% strain. As shown 1n FIG. 4, the
y-axis 402 depicts force (in kgf) and the x-axis 404 depicts
distance (1in mm). The graph 400 also 1llustrates a compres-
s1ion curve 406 measured during a compression cycle of the
resilience test and a decompression curve 408 measured
during a decompression cycle of the test.

Table 1 shows the results of the resiliency test for the
example flakes as expressed by the coefficient of resilience
calculated from the measurements shown 1in FIGS. 3 and 4,
with the compressive load measured in kilograms-force
(kgt), the distance at max strain % measured 1n mm, and the

compression work and decompression work under the load-
displacement curves of FIGS. 3 and 4 1n kgf-mm:

TABLE 1
RESILIENCY TEST RESULTS FOR EXAMPLE FLAKES

FORMED FROM WASTE VEHICLE TIRES

Com- Work of Work of  Coetlicient
Test pressive  Distance at Com- Decom- of
Con- Load max strain  pression pression  Resiliency
ditions (kgt) (mm) (kgf - mm) (kgtf - mm) (COF)
20% 20.18 11.43 85.35 42.10 0.49
Strain
30% 49.56 17.12 272.70 143.5 0.53
Strain

Table 1 shows that at 20% strain the example flakes

exhibited a coefficient of resiliency of 0.49, indicating that

nearly 50% of the original shape and size of the flakes was
recovered when the load was withdrawn during the decom-
pression phase of the test. Table 1 also shows that at 30%
strain the example flakes exhibited a coefficient of resiliency
of 0.533, indicating that more than 50% of the original shape
and size of the flakes was recovered when the load was
withdrawn during the decompression phase of the test.
These results show that a LCM having the flakes will
provide suitable adaptation characteristics to seal, plug, or
both a lost circulation zone under the changing load condi-
tions of a borehole environment.

Ranges may be expressed 1n the disclosure as from about
one particular value, to about another particular value, or
both. When such a range 1s expressed, 1t 1s to be understood
that another embodiment 1s from the one particular value, to
the other particular value, or both, along with all combina-
tions within said range.
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Further modifications and alternative embodiments of
various aspects of the disclosure will be apparent to those
skilled 1n the art in view of this description. Accordingly, this
description 1s to be construed as illustrative only and 1s for
the purpose of teaching those skilled 1n the art the general
manner of carrying out the embodiments described in the
disclosure. It 1s to be understood that the forms shown and
described 1n the disclosure are to be taken as examples of
embodiments. Flements and materials may be substituted
for those illustrated and described 1n the disclosure, parts
and processes may be reversed or omitted, and certain
features may be utilized independently, all as would be
apparent to one skilled 1n the art after having the benefit of
this description. Changes may be made in the clements
described 1n the disclosure without departing from the spirit
and scope of the disclosure as described in the following
claims. Headings used in the disclosure are for organiza-
tional purposes only and are not meant to be used to limit the
scope of the description.

What 1s claimed 1s:

1. A lost circulation material (LCM) composition, the
composition comprising:

a plurality of flakes produced from vehicle tires, wherein
cach of the plurality of flakes has a long axis of 7
millimeter (mm) to 10 mm, a short axis of 5 mm to 7
mm, and a thickness of 3 mm to 4 mm, wherein the
L.CM has a concentration of 10 pounds-per-barrel (ppb)
to 50 ppb 1 a drilling fluid.

2. The LCM composition of claim 1, wherein the LCM
consists of the plurality of flakes produced from vehicle
tires.

3. The LCM composition of claim 1, wherein the plurality
of flakes produced from vehicle tires comprises a plurality of
untreated flakes.

4. The LCM composition of claim 1, wherein the plurality
of flakes are produced by:

shredding the vehicle tires 1nto a plurality of pieces, the
shredding including removing steel from the vehicle

tires;
cutting each of the plurality of pieces 1into a plurality of
strips; and

cutting each of the plurality of strips nto a plurality of
flakes.
5. A method to prevent lost circulation of a drilling fluid
in a wellbore, comprising:
introducing an altered drilling fluid into the wellbore such
that the altered drilling fluid contacts a lost circulation
zone and reduces a rate of lost circulation into the lost
circulation zone, wherein the altered drilling fluid com-
prises a drilling fluid and a lost circulation material
(LCM), wherein the LCM comprises a plurality of
tflakes produced from a vehicle tire wherein each of the
plurality of flakes has a long axis of 7 millimeter (mm)
to 10 mm, a short axis of 5 mm to 7 mm, and a
thickness of 3 mm to 4 mm, wherein the LCM has a
concentration of 10 pounds-per-barrel (ppb) to S0 ppb
in the altered dnlling flud.
6. The method of claim 5, wherein the altered drilling
fluid consists of the drilling fluid and the LCM.
7. The method of claim 5, wherein the LCM consists of
the plurality of flakes produced from the vehicle tire.
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8. The method of claim 5, wherein the plurality of flakes
produced from the vehicle tire comprises a plurality of
untreated flakes.

9. The method of claim 5, wherein the plurality of flakes
have a coellicient of resiliency of 0.49 to 0.53.

10. The method of claim 35, wherein the tlakes are pro-
duced by:

shredding the vehicle tire into a plurality of pieces, the

shredding including removing steel from the vehicle

tire;
cutting each of the plurality of pieces into a plurality of
strips; and

cutting each of the plurality of strips into a plurality of

flakes.

11. An altered dnlling fluid, comprising;

a drilling fluid; and

a lost circulation material (LCM), wheremn the LCM

comprises a plurality of flakes produced from a vehicle
tire, wherein each of the plurality of flakes has a long
axis of 7 millimeter (mm) to 10 mm, a short axis of 5
mm to 7 mm, and a thickness of 3 mm to 4 mm,
wherein the LCM has a concentration of 10 pounds-
per-barrel (ppb) to 50 ppb 1n the altered drnlling fluid.

12. The altered drilling fluid of claim 11, wherein the
LCM consists of the plurality of tlakes produced from the
vehicle tire.

13. The altered drilling fluid of claim 11, wherein the
plurality of flakes produced from the vehicle tire comprises
a plurality of untreated tlakes.

14. The altered drilling fluid of claim 11, wherein the
plurality of flakes have a coeflicient of resiliency of 0.49 to
0.53.

15. The altered drilling fluid of claim 11, wherein the
plurality of flakes are produced by:

shredding the vehicle tire into a plurality of pieces, the

shredding including removing steel from the vehicle

tire;
cutting each of the plurality of pieces into a plurality of
strips; and

cutting each of the plurality of strips mnto a plurality of
tflakes.
16. A method of manufacturing a lost circulation material
(LCM), comprising:
obtaining a vehicle tire;
shredding the vehicle tire into a plurality of pieces, the
shredding including removing steel from the vehicle
tire, each of the plurality of pieces having a size of 50
mm to 75 mm;
cutting each of the plurality of pieces into a plurality of
Strlps cach of the plurality of strips having a thickness
off 3 mm to 4 mm and a width of 5 mm to 7 mm; and
cutting each of the plurality of strips into a plurality of
flakes, each of the plurality of flakes having a long axis
of 7 millimeter (mm) to 10 mm and a short axis of 5
mm to 7 mm, wherein the LCM has a concentration of
10 pounds-per-barrel (ppb) to 50 ppb 1n a drilling fluid..
17. The method of claim 16, comprising cleaning the
vehicle tire using an air jet before shredding the vehicle tire.
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